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(54) HIGH BREAKDOWN STRENGTH SEMICONDUCTOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a terminal 
structure suitable for a vertical superjunction structure, 
and to realize a high breakdown strength superjunction. 
SOLUTION: Stripe-shaped p-type layers 1 and n-type 
layers 2 constituting a vertical superjunction structure 
are formed alternately, and the number is set odd- 
numbered. Also the integrated values of the carrier 
density in the layer thickness direction of the p-type 
layers except the two p-type layers 1 arranged at the 
outermost sides and the n-type layers 2 are set so as to 
be substantially the same, and the integrated value of 
the carrier density in the layer thickness direction of the 
two p— type layers 1 arranged at the outermost sides is 
set to be almost half that of the other p-type layers 1 
and the n-type layers 2. Then the upper edge of the 
stripe-shaped p-type layers 1 and n-type layers 2 is 
brought into contact with a p— type layer 3 with high 
density, and this p-type layer 3 is surrounded by a p- 
type layer (reserve layer 4) of low concentration. 
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1 

t. i m*m¥m#mm&zfwiiim i *«£#* 
&®\z&\sTWtfLi*ntL'm2mn.m*m>&mii. MEm 

1 mmm^mwm&uw\mf^ 2 mmm^m^mizm lt 

2§g<£>*g#<ia*. *r<Df*i%M,z$i&2tifzmzmimn$i 
^■m^mmJ-m^ 2 3i®i^*#jf ©iiJP*#fre>* 

y 'J 7 igKro«*Hfi©«B&¥#T;J5£ d <h its 
iS»EE¥*&3i^. 

btEssnti 1 jsmi!!¥3H*Jf Rtfm 2 sums** 
¥*#)!«*§ oiiuEB^fate. t&Em 1 mmm^mte v> 

SSit£ t MESH 2 #m^^^M«E £ £*S.$<;Sft (C*f LT 
«lffl§SiEt?S..5i:tt ) l^ illJEm 1 *®^¥*#Jlte:* 

U ffiEm2ig®iy¥*WIte*:7^gT£S'fbU 

•pft^-^rom i 2 mnm*m 

lcEB£tt*:MESfl 1 **fi¥*#*&rflWESB 2 

sgm i **ffl¥*{*««ic«LT»j«snfc3i5 i *® 

MEM«fl» 1 **ffl**#«* 
IBmi3f«S##flsS»cSbT^$nfc^2 3SSS* 
SMt, ffiEm 1 *«I!¥*{*«;&tfffiEjii 2 3&«3! 
^»{*:HfcSlbT^fi£$nfci«ifiaSB2 3f«S!^*«:® 

#B£&0I^T^j£2mfcteBKmi*18S¥*#fB 
*£ i. £ ro{£i8gm 1 35aS**<*:^B:rXS9ESaif£ 
S2*«S*j»ft:««tCl*bTJgB)c$n. fltTES6««^ 

2 W«Si|ii»#««J: 2 40 

afrem*«§S¥*#Ji;RWWES6 2 
*«£¥*#*ttXSfc:»0EtTEfi£*vr*5g. * 
©H^SBOSg 1 ig®Si¥*ttJIXteWEa5 2 ig®§!!¥* 

iceb $ nfcMEm i ©ms^^^Jis-^Em 2 «m 

[M#J»4] iS»gmi **£¥*#»«£. i^igg 

9S2««s!^ii»#««^. cne.©i«5»*jsi**fi¥ 



2 

T»«sn, ^sicitoiiLTEEsnfcmi*®!!* 

fc{£i88mi*«I!¥*#ffi*£<l:. cofiiggfg 1 *® 
S!¥*<*iB«;Rtfir&EiBi8£S§ 2 *«£!¥*tt«*l;:tt 
LT»J«aft. ilfrEKiB£m2*«l!¥*#«MU:0l£ 

•ft®£am2W«a¥**«*£€ft*.. rnemi 

*m£!#*#«;fttfm 2 i§«l!¥*&li eo« 0 i§ LEB 
*|<dtt. flftKffiil«MU**9**{*tra&ffi&K»ft 

fe-sttfeic rntex i sta*»#itt* >*it k 

Vy bmffi&ffi-?tt<blz*7Vim-C : £3LitL. 99ES6 
2**S!#*#Bte*74Kffirca!2.tt:U *0*^S8<D 
31 1 *«S¥*ttJSXtt«9ESS 2 ajJ«U¥*#Jia>JlJP 

fcttE* 1 *«S!*i»#JiRt;ttE!IS 2 *®£!¥*#Jf 
[»*3S5] iSBSSS 1 *«3!¥*<*:«i«<!:. CZ>i§5 

iggm i ifi###s«i:SLTfE)t$nfcS i si® 

S«¥iJI#)I <t . JNEffiaft* 1 **ffl¥*#»W;R Ml 
Em 1 ««S!¥WttSC«bT«*j££nfcm 2 ill* 
3£{*J1<>:, JWE* 1 *«ffl¥W#BRtWWEJS 2 
¥*#B C« LTiffiS flfcitSiggSft 2 *«3!¥*ttftl 

«t. irEm i mnm^m^MRifinits.fii 2 sums** 

l**ffi¥*#««fc:!Sl/TJ&j£S 
n. ME*»*»2**ffl¥*#***K0Htt.k'5K: 

ys kb«a^ e st iw b -eta n e> n jt u > ifm.<n% 2 $mi> 

¥*#««»!<!:£«*.. glteiB 1 **£!¥W{*Ji;Rl*M 
Em 2 jS®Si¥^^:)l«^S»C^ 0 31 LTEB£ttT*5 

0. ■?-roiin8Pcomi*«s! i f £ «frJix«iWEm2i9m 
©rt8&tcEB£ft&ifflEmi*«s!¥*<fc»;Rtf8ttEm 

Jl t iK «ft « 2 *«S!^t»#B«ll t Nl » 
3itlTM!&2tX> 32StCiSOiIUTEB$nfcmi^a 
S^VMeHACm 2**91^*^112:. ^ne»romi* 

«smi*«s!#**fs«t. ccDfaiggmi*®^ 

*flc«*K»LT»lSSn. (»E*«*JB2**S** 
fc'J > y«OS 2 $Ql^i#{i«i i *« A.. WEm 

1 *m^^**^^^m 2 «ms^*^sro^ 0 >s lie 

B^ftte. WESiSSm 1 *«S^**M«t*aES5iS 
«JB2*«a**«:«a«itli**|SlfC3t*LT«li«Sia 
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»2**a!¥««:Btt*7tt»T22<tu ao«n« 
- <dw, i mw.m*mfcmx\m%im 2 igmgJ¥3S#Jf ©b 

nfcWEtg 1 *«gj*i!S&)f;R ostein 2 jgmn¥#<*: 

H»#317] BEBlB«S¥Bttfl:&tfiltK)B2« 

set zw&t-rzmxm 1 75M 6 EmoffiBE^B* 

To 

[■i*3i8] Mism 1 mnm*m&mx.zfmiz& 2 * 

B 1 755 7 EBroHWEE^BttB^. 

[n 9 3 bebbbb 2 mmm^mtemmt* y 
ttBrssafcu *-©£2B#ttiwrEB 1 bbs¥b# 

7. Xtt8Eft®ftWE¥B#B?. 

m&m 1 0 ] Bfrts u >^®i2 bbs^b^bb 
Btc*r*-a£Bft£ 1 m+&*mtomm\t*7vm-viE 

eh 2 ^ms^^JUc^^T^^bfci 0 
BBtsrr * ctt*iit5i«i)i 5 nm 8 ebqb 

• mam 1 1 ] me^we*®*^ w&mnmtt 

OiSBE^BffB^. 
[f£IH©i¥«BfciSiJlH 
[0 0 0 1] 

[fS93©«-r*i$ffi#fn *319§ttifiiBE¥Bfls:Sm;: 
[0 0 0 2] 

»t*BflMM*©*fflfl:. »ttBfc^©B#«:SH"C. /1 
*{fc. K*{t. B«*WBfl:Jc*f-r*ttBBfcBa*ffiAS 

S#W#B#2eS«C»9Bl,-n¥ft-*-*. l>t>i0SX- 
[0 0 0 3] C<DX— At— S^r >^->a >BjSH. y< 

[0 0 0 4] Wxtf. *f 7-7154 iCfcl^TjSS 

vr* >i7 -> 3 >«ijfitc«a-r**8Si«**»riE-r 5 - 1 
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[0 0 0 5] 

[0 0 0 6] #f6SU»i. a^-S^BICfg^TfrStl&t) 
<Z>T*9, Z— rt—Z?-v> 9 is 3 >#lii©;§5WE<fc£ISI 

[0 0 0 7] 

«a*f»t4fc»ofR] wau&BJBSBft-r* 
tztbiz. *%w<Dmuz. nimnM¥m*9M£* z. 
com 1 mnM¥<8&mmztSii,T]&f$.2tiftwi 1 
*m&mt. mess 1 BBg^BtttBB&tfBE* 1 m 

20 «S¥B#BK»UT^Jfc$nfcB2BBSHI £ Bf*:B 

t. BE£iBttB¥BttB&tfffiEB2ttB9¥B# 
be* 1 mmm^mwmRrfm^w, 2 asmn^NiwBii 

«S!if£i»«:BXttmESB 2 ^mSJ^j§E*Bco^J¥^r&) 
B 1 BBSJ^BttBRtfiffiEB 2 2jm5a¥#ttBtf>lf 

30 [o o o 8] *%w<d$52\z. mimmm^mfc 
aUttB&z/sg 2 mmm^mwmcom o m usbb^ish*. 

MSBm 1 ^S^igttSgiUctftfriam 2 BBB^BficBB 

■to 7t«cSlT-3g2.{bb. ^o^glSro^l^mSJ^Sft^BX 

tt(W;E!IS2B«ffl¥il|{*B©BB**l«IC!)*f U7i8® 
•e<Drt^tcEB$nfcfllJEmi»BS! i l i B 
{*:BS^fi«EB2«BS i l i j»fls:B0BB**(Bl«)^-fr U 

[0 0 0 9] *%BJro^3(i. iisiggmi^mie 

TBBanfcSBlBBS^WOBt. MESBBBIB 
«S!¥«(4:««&^fl!rEB 1 B«a*B(*BC»UT» 
50 flc*nfcJB2B«IS*Bft:Bt. «IE3Bl»tS*«# 
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t*m%.x.&mii%mm?& 2 ««9¥w*tR*ic» bT» 

*m&mx.ztmt£t% 2 mnm*m{*mit&s.izm oil 
Tias$nr*50. ^<&»fl-gca>^ 1 ^t£!#i£#Bx 

#B&tfi?&E&2iii«s#*{*B©BJP*£ft©*v u 

[0 0 10] #fg9J<E>Sfl4te, SiSSf! 1 

S5j8ffim2»«S!¥»«:®«i:, cn<E> 

s^n^m 1 sss^NHttB&tfas 2 #ms#3*#B 
t, cn6©»i»«ai***iEJi»^iii2SWffli|4ii(*: 

t. . C (M&mmfS 1 iS«i!¥iJI#*liH£& MEX jg^m 

2«as!#^M«EJcasbT»fiE$n. HfriBi^j§s^2 

*m#m®. t mz&mm& 2 mnm^mft mm t en« 
«»T?s»2fl:u. miwi2mnm¥mtem\z*7tm-v 

2 fcmiJ^aSttBWBJP^fa]©** U Tiggtf>*g#<I 
Bt(E*2a»*S¥»#B©BJS*:^©*YU7iR£© 

[0011] Sfc. #jg9i©as5tt, Sjgg^i^ms 

entreat i bo^baebkh* b-c# 

tfS*lfc*2ilMI8liMM*Bi:. AtEJB 1 

fifjEifi 2 *«a¥**jiea o ba,t^eK£ 

SSS 1 W«S!*MMMW*£. d<D{£jgSmi«m^¥^ 
#«*fcttbT#dESn. MEigiSSm 2 

mwzw. Qwts£? c sbeb*** & kw bTKw stut 

U > 2 a®mii^#«:SS^)l i SB WEB 1 

»B£!¥B*B;fttf BE* 2 BteSSSKH 
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s^BitB&tffflEB 2 iSBs^swBoBB^rsj© 

[0 0 12] $£>lC$fc. #fgBj£D|g6«. iSiaSmi 

cnb<D&m&&imnm*m#mmmt&mm&2m 

*B^B{MraB£©WKR*nT»«.Sn..3SS«C« 
10 0jMbTEfiSnfc^lS«S¥«{*)BKV»2 3l«S 

0 HA,T^£K Snfcteiggfg l «B£¥«*Btt 
t. !L©fia«»lB«fi¥W#BWc»bT»J«S 

n. m£ftBS£2*tt£*B*B«&tt9HtrJ:5£ 
sbebb** earn bTRw e>n^ u >$*k©b 2 bbb 

1 B«B¥tt4*Mtt&ttB*BBJI 2 W«B¥**Btt 
££^#ftlC#bT&B&aB^** BBB 

20 imnm ! ¥-m#mit*>Vi&'c} t vy hmmtm-rtt 

feKlsJ-^ttttTS&Sfcb. BE*2B«B¥B#Btt:i- 
7tt»T?^2ftb. ri^S*SS©SSl3MiS J l £ 3l#BX 
HWrE^2^a^^{*:B©BJP**r$J<D^-V 'J 7M 
-tWrtffitCEKSnfcS5Em 1 

ttBxtfiWESs 2 mnm^m&mnmmfrJifto** u 

[0 0 13] ±aSb&2|5:f89i©SS3. 4»C*5^Ttt. h9 
Em2*«S!^W(t««tt^7t>tJi-CffiSffcb. 
so SBttttBEB 1 W«ffl¥i*#BRtf BEB 2 BBS* 

i**fiF*b<r>. 

[0 0 14] ±a>bfe*%^cDm5, 6t*HT 

tt. fl5E'J>^©^2^«S¥««i:fia*SBtC«r«)<5 
»S*l*«ffl¥*{*:««ti*7«Si'r?g^bb. -5-© 
S^««tt«E!l! 1 B&tf II5E36 2 

*5^T^2fttc «fc o ±?z>&2.m®.tm-rz> 

[0 0 15] Sfc. ±aBbfc&5EWJC*SV»T. iESl 
"0 »m9¥«^BKtfBE)R2ai«a¥B#B(2. *St» 

\Z. 89EB 1 »«S¥B«|cB&^mEJB 2 Sm^illtt 
[0 0 16] 

sffi*#Kb^o»aB«csi^-r*. 
(wnommmm suit ^.%^\<dw, \ <D%mwM\z 

50 ffSWWflE^BttB^afcfflfciS-^iBBIT**. H2 
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(4, m 1 (DgMAA * SiiSWrffitCUttSBfrffiBI-C* 

[0017] 0 1 „ n 2 fc*$nsK»ff ^si^ai^tt 

fc<fi#<Bffifc pI13 ^MWIcM^tlT 

une>©nSi i o tpS!g3 t&mizitx— 
h^^opiii i:n^^2 ti,*mmm(Dpmm3 

(DT\Zffi>nT^TM t Zte^W'V$>Z>&. #*d^t<"J~ 

to o i 8] -toanasopaiiBi ©JBff^ioi©*^ 20 

BSftfcpSUB 1 £ nS!JB2<B«»*#|B]<&** 'J 7S 

5:i^fdl0^pil 1 £nSg2(DJf JP^frlpJCD** 
U7«K<3ffl#ffi{4-££&^T^&. CCT&4-#^ 

[0019] psji \(om^xsm 

^lxiOi5cm-3, 3. 5 um. SEW4 5 x 1 0U 30 
cm-3, 7 . 0 um, — #nffl*l*^fc»0 OrtWlCE 
S^tlfcp^gl <hn^S2(7)fflS&^J5^S:, 
nixiOi5cm-3, 7. OMmttS^tOTftt* 

suet*. Lfc^^T. ^jA«^mm4 o o o v^hiuu 

-f^^frTTH, OFF«l8fc45V^T±E^— A— 

[0 0 2 0] X h7< 74K<BpS!B 1 tnS!2 
^>SSg(Op^^3t4, ffiitg(7)p3S/l4 («*tf, a 40 
g«lxiOi3cm-3 c »&T**J6*ffifc|p|«. ) T 

SS!l££T*o #J*tf, pSIIi3GD*££t4 6. Oum, 
fflSl4 2X 1 0i7cm-3T£>O. pSH4 0gg$ 

145. Sgf4 3 X 1 0 i5 c m-3T$>£o 

[0 0 2 1] m^TTH p£!JB4 tnfi^- 

£#nJ*ET**. «*tfffl«ffi4 0 0 0 VfcEPttrT** 50 
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ftTTH OFFttSSC^T±E7Wt-y»?y 
3 >«ao»j«SB»l4«±a!2ftL/*HE*tt**rJ: 

[0 0 2 21*43, HI. H2£i3^T. 6 \Z&mm<D 

£ # a a»2»*«B«x y vffl^ e s TSiar * c t £ 
B&±i/Ti»jE**»r*fc*«cia:tj'&n*. 7t4 
*&rjr, 8t47/-K«a, 9«7h7/^m n 

[0 0 2 3] U±m^fzffi&\Z£%1&m<D7s-rt-zS* 

OFFl^IlC^T*— /I— >^">3 > 
[0 0 2 4] H 3 tt, HI £*T*ISM»fflHC«*ra» 

o^-f*-Ha)aBn«»»tt**r«FttHT**. fltnt 
«t -5 iz*nmBmiz%z>ffim<D?'{ k«4 4 0 

S^-f H©*>fi*n:tt0. 03Qcm2 T*0, # 

[0025] (ss 2 (onmmm) h 4 *389]©sb 2 

<Z)*JS»tt»c«*M»JE*W** : f©«ifiS*r±BH 
tfe^, EJ5t4, H4 0)Ai»BB ' *a^8ffffi»C*5tt«> 
WrffiHT**. £<BWffiHTt4H4<D*^ttifi<D¥#<& 
M^lTl^, ft:*5. H 1 £H-ffi#lC*4H— 

[0 0 2 6] ^ifi^SR^MWffi****^*)*^©^ 
-f T— HtCWSfeOT**. 04, H5 JC^-r<£?^ 

^ffiMmcDrnmny-i nans 1 onss^oy-f 
*-Kt 7. h^<y^c7)ps^ 1 tnmm 

mm (*-ku>^«) 1 2*»»6tiT^*jaT» 

*^*pffl« (#-KU>^Ji) 12t4pSH3cD 

tf, pmm3<Dm£fe6. Oum, g»i2xionc 
m-3T*0, £fc> pill 2<£>j££*46. 0 Mm, *3 
(4 10. 0 Mm, igSt45 x 1 0 i8cm-3, p§?13^ 
S<B!§Ri*410. 0 um, &K\,*<DWimtl 0. 0 — 4 
0. 0/imTfe5. 

[0 0 2 7] ^^^>^f*(DTTt4, ±157.— A— 

^ y 3 >«istc*5^xs i (ommmm£mmz5t±-£z 

ittfmi&ZtlZttblZ. p&mi 2tnS^15 
top ntt^6«J«4ffl2JBtt±BE^-/^-s;f >^ 
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0 0 0 Vfcffllrr**#TT*S. OFFtfcffitC 
*^T±IBX-A->?^ > 3 >fllifi<D*MII«#B:* 

fee *-F©*>atrittO. 03Qc 

[0028] (« 3 (D^mmm) m 6 a, #5S9j<z>se 3 

tg0T£>* o B 1 tB-«»i:BH-fff *#LTSL 

[0 0 2 9] H6lc«-fJ:5C *«t»»OKiff* w 

(flflAtfMOSFET) T&£o Mga)nSl 
XH) 5 flD-*©B l:BSS»S© n S K l/-f >i 1 5*t 

^-xi 1 3 toiHkittjis i ©jt(i»«tra»©x-/x 
[0030] pm^-xmi 3<Dmmiz\tmiR$)\znm 

(pSiltnSI2) , Wpi 
^■13©«B±Ctt. y-h*fi*K (y'J3>8 

ftm^) i6^bty-Mii7»te>nw 

-hlgl 7t4X— >£->a >«5S (pfflJBl 
* cfc < X-/t-yt>^y 3 >«Jfi *ftA"T * - 

[0 0 3 1 ] ^JB^ffiJCffSMOSfllifi^TSsR^ 
fc, O F Ftt»i:t5^TX-/Vy t >J 3 30 

"TipJCfe^o OFFtt»K:*3^T. plI4i 

n MM 5 p n »#^&#^ffi21tt±EX-/^ 

CitfpIIBTfc*. ***S»»Ttt, ^SMig<hUT'J 
#-FU>^)f (P1I12) £ffil<>Tt)iS»JE£f#£ 

[0 0 3 2] (M 4 <D%mW*m) 0711 *3BW<B*4 

#«ftBigi»4*irr*. 

[0 0 3 3] H7»:«t«k5i:, #3US»ffi<&BiBEE¥ 
(M«MOSFET) T&3o pi^-7i2 3*«f 
SttT*5 9, C©pI^-7i2 3tniHH>ll 50 



10 

5 tORSUCttS 1 O^^HtBltttO^-^-^ir 
->3>«» (pSlltnII2) OTRltSnTtr**. 

[0 0 3 4] pI^-X12 3<&«ffiK:tta*J«l;:nS! 
V-Xl2 4«^n, ^h6©nIV-^i2 4R 
^pS^-712 3^H5iUThU'>5 1 2 8*<Ktt6n 
Tl^. CCDhU>5 1 2 814^— /t— i?r>^ ->a >#i 
it (p§!JJIl£nSJ|f 2) *«KJt6tlfcna!Ji5t!iJ» 

-M6»R (v'Ja/Sfkl® 2 6^Lty-hi 
<S2 7rt«RW"SttTtr>*. 
[0 0 3 5] #*IS»»fc:«*MOSII!Jfi**-r**^ 
t>, OFF«fig{C*5^T^-/1— v-^>^v3>«5g« 

•fi^Cte*. OFFttffilCiS^T, pSI4«h 

Ct^pJggTfe^. *H*fi^ffiTf4, m*fllifitLTU 
tJ— 7« (pS14) £^Lfc7&*, 14, 0 5KSL& 
if— HU>^H (pSH2) £JB^Tt>i©WEE£#£ 

[0 0 3 6] fc*. *»K»4±E3t«S»«^IS36Sna 

fe, 7.-/1— v?^>i7->3 >fl|ififc*m£p£!JH 1 in 
*V««»JC45V»T*>*±a»£ftU*Bffi*tt*«r«t3 
[0 0 3 7] 

«Jfi**r**W**^KBffifKS:*iRt-*^t^ 

ii. 

[0 2] BUOflttftAA * H»ofeSiC*^*WS 
0. 

[S3] 01 tc^-r^^y-r f (D^nffiffitt#tt£ 
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